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Abstract 

Introduction: Helicobacter pylori is increasingly 

implicated in extragastric metabolic and atherogenic 

disease, but human data integrating advanced 

lipidomics, oxidative-stress biology, and high-density 

lipoprotein (HDL) functional assessment in a CagA-

stratified design remain scarce, particularly in the Middle 

East. Objective: To characterize variations in lipid 

metabolism across stages of H. pylori exposure, 

distinguishing virulent CagA-positive strains, and to 

identify the biological pathways mediating this 

relationship. Methods. In this STROBE-compliant case– 

control study (Al-Nasiriyah General/Turkish Hospital, Dhi 

Qar, Iraq; September 2025–February 2026), 230 adults 

aged 18–60 years were assigned to four pre-specified 

groups: H. pylori-naïve controls (n=60), past H. pylori 

exposure (n=50), active CagA-negative infection 

(n=60), and active CagA-positive infection (n=60), 

based on ¹³C-urea breath testing, stool antigen testing, 

and anti-H. pylori/anti-CagA serology. Conventional and 

advanced lipoproteins, apolipoproteins, atherogenic 

indices, inflammatory cytokines, oxidative-stress and 

antioxidant markers, HDL-functional enzymes, 

adipokines, insulin axis, one-carbon biomarkers, and an 

untargeted serum lipidomic panel were measured. 

Multivariable linear regression, ROC analysis with 

bootstrap-validated LASSO modeling, and bootstrap 

mediation analyses were performed. Results: A 

monotonic gradient (Control → Past-HP → CagA− → 

CagA+) was observed for atherogenic, inflammatory, 

and oxidative biomarkers, with reciprocal declines in 

apolipoprotein A-I, paraoxonase-1, lecithin– cholesterol 

acyltransferase, adiponectin, and antioxidant capacity. 

After adjustment for age, sex, BMI, smoking, diet, 

physical activity, and inflammation, CagA+ infection was 

independently associated with elevated oxidized LDL, 

ApoB/ApoA-I ratio, atherogenic index of plasma, and 

reduced PON1 activity (all P<0.001). Lipidomics 

revealed elevated saturated ceramides and lyso-

phosphatidylcholines with depleted sphingosine-1-

phosphate. Oxidative-stress index and inflammation 

partially mediated the H. pylori–lipid associations. 

Conclusion: H. pylori infection, particularly with CagA+ 

strains, is independently associated with an adverse lipid 

metabolic, lipidomic, and HDL-functional phenotype 

mediated in part by inflammation and oxidative stress. 

 

Keywords: Helicobacter pylori. CagA virulence factor. 

Dyslipidemia. Oxidized LDL. Paraoxonase-1. Lipidomics. 

Ceramides. Oxidative stress. Cardiovascular risk. 
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Introduction  

Helicobacter pylori is one of the most prevalent 

chronic bacterial infections in humans, colonising 

approximately 43% of the global adult population in 

the period 2015-2022, with a substantially higher 

burden in low- and middle-income regions [1,2]. The 

Middle East and North Africa region, including Iraq, 

continues to carry one of the heaviest burdens; Iraqi 

adult prevalence estimates range from approximately 

47% to 75% across published surveys, and recent 

multicentre data from Kurdistan and central Iraq report 

active infection in roughly half of dyspeptic outpatients 

[3-5]. Beyond its established causal role in chronic 

gastritis, peptic ulcer disease, gastric MALT lymphoma, 

and non-cardia gastric adenocarcinoma, increasing 

evidence implicates H. pylori in extragastric disorders, 

including dyslipidaemia, atherosclerotic cardiovascular 

disease, insulin resistance, and metabolic syndrome 

[6-9].  

The vacuolating cytotoxin A (VacA) and cytotoxin-

associated gene A (CagA) products are the most 

extensively characterised H. pylori virulence 

determinants. The cagA gene, located on the cag 

pathogenicity island, encodes an oncoprotein 

translocated into host cells through a type-IV secretion 

system, where tyrosine phosphorylation engages SHP-

2 phosphatase, RUNX3, β-catenin, and NF-κB 

signalling, driving sustained epithelial inflammation and 

reactive-oxygen-species (ROS) generation [10-12]. 

Approximately 60% of regional H. pylori strains are 

CagA-positive, and recent Iraqi molecular surveys 

confirm a comparable prevalence among local clinical 

isolates [5,13]. Importantly, CagA seropositivity rather 

than H. pylori exposure per se has been linked to a 

58% greater pooled cardiovascular risk [7] and to 

direct endothelial dysfunction in mechanistic studies 

showing exosome-mediated ROS formation confined to 

CagA-positive infection [14].  

Several biological pathways have been proposed 

to connect H. pylori with atherogenic dyslipidaemia. 

First, sustained low-grade systemic inflammation, 

indexed by interleukin-6 (IL-6), tumour necrosis factor-

α (TNF-α), and high-sensitivity C-reactive protein (hs-

CRP), can suppress hepatic apolipoprotein A-I (ApoA-I) 

synthesis and induce hepatic acute-phase secretion of 

triglyceride-rich lipoproteins [15-17]. Second, H. 

pylori-driven oxidative stress, reflected by elevated 

malondialdehyde (MDA), 4-hydroxynonenal, F₂-

isoprostanes, and Total Oxidant Status, with reciprocal 

depletion of glutathione, paraoxonase-1 (PON1), and 

Total Antioxidant Capacity, promotes LDL oxidation and 

HDL functional dysfunction [18-22]. Third, the 

infection impairs cobalamin and folate absorption, 

raising homocysteine and producing endothelial injury 

[23-25]. Fourth, H. pylori modulates adipokine 

signalling—lowering adiponectin and elevating 

resistin— and can suppress gastric ghrelin secretion, 

exacerbating insulin resistance [9,26,27].  

Recent advances in plasma lipidomics have shown 

that selected lipid species—particularly the saturated 

ceramide Cer(d18:1/16:0), several lyso-

phosphatidylcholines, and the sphingolipid mediator 

sphingosine-1-phosphate (S1P)—are robust 

independent predictors of cardiovascular events that 

capture lipid biology not visible in conventional panels 

[28-32]. Whether H. pylori infection in general, and 

CagA-positive infection in particular, induces this 

proatherogenic lipidomic signature in humans remains 

incompletely characterised. Iraqi data on H. pylori and 

lipid metabolism are limited: existing reports describe 

modest lipid alterations in obese Iraqi women with H. 

pylori infection [33], elevated IL-6 and TNF-α in Iraqi 

seropositive adults [16], and the histopathological 

correlates of CagA-positive strains [34], but no Iraqi 

study to date has integrated conventional and 

advanced lipid panels, apolipoproteins, atherogenic 

indices, inflammatory and oxidative-stress biomarkers, 

HDL-functional enzymes, adipokines, the insulin axis, 

one-carbon biomarkers, and untargeted lipidomics 

within a single CagA-stratified design.  

The present author therefore conducted a 

STROBE-compliant case-control study at Al-Nasiriyah 

General/Turkish Hospital with the following pre-

specified aims: (i) to characterise lipid metabolic 

phenotypes across four stages of H. pylori exposure-

naïve, past, active CagA-negative, and active CagA-

positive—using both conventional and advanced lipid 

panels and an integrated panel of inflammatory, 

oxidative-stress, HDL-functional, adipokine, insulin-

axis, and one-carbon biomarkers; (ii) to define the 

lipidomic signature, if any, distinguishing CagA-positive 

infection from controls using untargeted serum 

lipidomics; (iii) to evaluate the diagnostic discrimination 

of single biomarkers and a composite multi-marker 

panel; and (iv) to test, by bootstrap mediation 

analyses, whether systemic inflammation, oxidative 

stress, and insulin resistance mediate the relationship 

between H. pylori infection and atherogenic lipid 

phenotypes.  

 

Materials and Methods  

Study design and setting  

This was a single-centre, hospital-based, age- and 

sex-balanced case–control study conducted in 

accordance with the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) 
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statement for cross-sectional and case–control designs 

[35]. Recruitment, sample collection, and laboratory 

analyses were performed at Al-Nasiriyah 

General/Turkish Hospital, Dhi Qar Governorate, 

southern Iraq, from September 2025 through February 

2026.  

 

Ethics statement  

The study protocol was reviewed and approved by 

the Institutional Review Board of Al-Nasiriyah 

General/Turkish Hospital (approval number 1202; date 

of approval 22 February 2026), and was conducted in 

accordance with the Declaration of Helsinki, as revised 

in 2013. Written informed consent was obtained from 

every participant before any study procedure. All data 

were de-identified, coded, and stored on a password-

protected server accessible only to the named 

investigators.  

 

Participants and group definitions  

Adult outpatients aged 18–60 years presenting to 

the Gastroenterology and General Internal Medicine 

clinics with mild–moderate dyspeptic symptoms or for 

routine evaluation were screened for eligibility. 

Inclusion criteria were: age 18–60 years, fasting 

glucose <126 mg/dL, glycated haemoglobin <6.5%, 

estimated glomerular filtration rate ≥60 mL/min/1.73 

m² (CKD-EPI 2021), and normal thyroid function. 

Exclusion criteria were: established diabetes mellitus, 

current use of lipid-lowering or antihypertensive 

medication, advanced liver, kidney, or cardiovascular 

disease, recent (within 4 weeks) systemic antibiotic, 

bismuth, or proton-pump-inhibitor exposure, 

pregnancy or lactation, autoimmune disease, 

malignancy, and any acute febrile illness within 4 

weeks. After post-enrolment exclusions for diagnostic 

disagreement (UBT–HpSA discordance), incomplete 

sampling, or withdrawal, 230 participants completed 

the protocol and were assigned to four pre-specified 

mutually exclusive groups (Figure 1):  

• HP-Naïve Control (n=60): ¹³C-urea breath test (UBT) 

negative, H. pylori stool antigen (HpSA) negative, and 

anti-H. pylori IgG negative.  

• Past-HP exposure (n=50): anti-H. pylori IgG positive 

but UBT and HpSA both negative, with no history of 

recent eradication therapy.  

• CagA-negative Active HP (n=60): UBT and HpSA both 

positive, anti-CagA IgG negative.  

• CagA-positive Active HP (n=60): UBT and HpSA both 

positive, anti-CagA IgG positive.  

 

Sample-size calculation  

Sample size was estimated a priori for the primary 

outcome (atherogenic index of plasma) using G*Power 

version 3.1.9.7 (Faul et al., 2007) for an F-test (one-

way fixed-effects ANOVA, omnibus) across four 

independent groups. Based on the effect sizes reported 

in prior regional case– control data on H. pylori and 

lipid parameters [33,36], and the four-group 

oxidative-stress gradient observed by Tsukanov and 

colleagues, a medium effect size of Cohen’s f = 0.25 

was assumed (Cohen, 1988). With α = 0.05 (two-

sided), statistical power (1−β) = 0.80, and number of 

groups = 4, the minimum total sample size required 

was n = 180 (45 per group). To allow for 

approximately 20% post-enrolment loss (diagnostic 

disagreement, incomplete sampling, withdrawal) and 

to enhance power for the secondary advanced-

lipidomic and mediation analyses, 230 participants 

were enrolled across the four groups (n=60 HP-Naïve 

Control, n=50 Past-HP, n=60 CagA− Active HP, n=60 

CagA+ Active HP). Sensitivity analyses showed that 

this final sample size provided > 95% power to detect 

a medium effect at α = 0.05 and > 80% power to 

detect a small-to-medium effect (f = 0.20) for all 

primary lipid, inflammatory, and oxidative-stress 

outcomes.  

 

H. pylori diagnostic algorithm  

Active H. pylori status was confirmed by 

simultaneous positivity on two independent 

noninvasive tests. The ¹³C-urea breath test was 

performed using the Helicobacter Test INFAI® (INFAI 

GmbH, Bochum, Germany), with delta-over-baseline 

(DOB) values measured by infrared isotope-selective 

spectrometry on a POCone analyser (Otsuka 

Pharmaceutical, Tokyo, Japan); DOB ≥4‰ defined 

positivity. The H. pylori stool antigen test was 

performed by enzyme-linked immunosorbent assay 

(Premier Platinum HpSA PLUS; Meridian Bioscience, 

Cincinnati, OH, USA), with optical density ratio ≥0.140 

defining positivity. Anti-H. pylori IgG, anti-CagA IgG, 

and anti-VacA IgG were quantified by validated 

commercial ELISA kits (Demeditec Diagnostics GmbH, 

Kiel, Germany; catalogue numbers DE3454, DE3461, 

and DE3471, respectively), supplied locally through 

authorised regional distributors. All samples were 

assayed in duplicate, with intra- and inter-assay 

coefficients of variation maintained below 8% and 

10%, respectively.  

 

Clinical, anthropometric, and lifestyle 

assessments  

All participants underwent a structured clinical 

interview by a trained physician, using a pre-piloted 

Arabic-language case-record form. Height and weight 

were measured to the nearest 0.1 cm and 0.1 kg, 

respectively, using a calibrated stadiometer and 
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electronic scale; body mass index (BMI) was calculated 

as weight (kg)/height (m)². Waist and hip 

circumferences were measured to the nearest 0.5 cm 

using a non-elastic anthropometric tape. Blood 

pressure was measured in triplicate after 5 minutes of 

seated rest using a validated automated oscillometric 

device (Omron M3 Comfort, Omron Healthcare, Kyoto, 

Japan), and the mean of the second and third readings 

was recorded. Gastrointestinal symptoms were 

assessed using the Gastrointestinal Symptom Rating 

Scale (GSRS) [37]. Mediterranean diet adherence was 

quantified by the 14-item Mediterranean Diet 

Adherence Screener (MEDAS) [38], adapted for Iraqi 

food culture. Habitual physical activity was measured 

by the Arabic version of the long-form International 

Physical Activity Questionnaire (IPAQ) [39], with 

energy expenditure expressed as metabolic-equivalent-

task minutes per week (MET-min/week).  

 

Sample collection and processing  

After at least 12 hours of overnight fasting, 

venous blood was drawn between 08:00 and 10:00 

a.m. via antecubital venepuncture into 

ethylenediaminetetraacetic acid (EDTA)-coated tubes, 

sodium fluoride/potassium oxalate tubes (for fasting 

glucose), and plain serum-separator tubes (BD 

Vacutainer®, Becton Dickinson, Plymouth, UK). Serum 

was obtained after clot retraction at room temperature 

for 30 minutes followed by centrifugation at 3000 ×g 

for 10 minutes at 4 °C. Aliquots were transferred to 

cryovials and stored at −80 °C in a continuously 

monitored biofreezer (Thermo Scientific Forma 88000 

series, Thermo Fisher Scientific, Waltham, MA, USA) 

until analysis. Freeze–thaw cycles were limited to a 

single occurrence per aliquot.  

 

Routine biochemistry and conventional lipid 

panel  

Fasting plasma glucose, total cholesterol, 

triglycerides, HDL cholesterol, directly measured LDL 

cholesterol, alanine aminotransferase, aspartate 

aminotransferase, alkaline phosphatase, gamma-

glutamyl transferase, total bilirubin, albumin, urea, 

creatinine, calcium, and uric acid were measured on a 

Roche Cobas® c501 modular automated chemistry 

analyser (Roche Diagnostics, Mannheim, Germany), 

using the manufacturer's reagent cassettes and 

following ISO 15189-aligned internal quality-control 

protocols. Directly measured LDL cholesterol was 

determined by a homogeneous direct assay (Roche 

Direct LDL-C plus 3rd Generation; Cobas reagent), and 

Friedewald-calculated values were retained for cross-

validation [40]; Friedewald and direct LDL agreed 

within ±5% in 96% of subjects. Glycated haemoglobin 

(HbA1c) was measured by ion-exchange high-

performance liquid chromatography (Bio-Rad D-10™, 

Bio-Rad Laboratories, Hercules, CA, USA), standardised 

to the IFCC reference method. Erythrocyte 

sedimentation rate was measured by the modified 

Westergren method on an Alifax TEST 1® analyser 

(Alifax, Polverara, Italy). Complete blood counts were 

performed on a Sysmex XN-550 haematology analyser 

(Sysmex Corporation, Kobe, Japan). Thyroid function 

(TSH, free T4) was measured by 

electrochemiluminescence immunoassay on a Roche 

Cobas e411 platform. Estimated glomerular filtration 

rate was calculated using the 2021 CKD-EPI creatinine 

equation [41].  

 

Advanced lipoproteins and apolipoproteins  

Small dense LDL cholesterol (sdLDL-C) was 

measured by a homogeneous direct assay (sdLDL-EX 

'SEIKEN'; Randox Laboratories, Crumlin, UK; catalogue 

SD3717) on the Cobas c501 platform [42]. 

Lipoprotein(a) was measured by an isoform-insensitive 

immunoturbidimetric method (Randox LP3437) and 

reported in nmol/L. Oxidized LDL was measured by 

ELISA (Mercodia Oxidized LDL ELISA, catalogue 10-

1143-01; Mercodia AB, Uppsala, Sweden) [43]. 

Apolipoproteins A-I, A-II, B, C-III, and E were 

quantified by immunoturbidimetric assays (Randox 

apolipoprotein kits) on the Cobas c501. Remnant-

cholesterol was calculated as [total cholesterol − HDL-

C − directly measured LDL-C].  

 

Inflammatory cytokines  

High-sensitivity C-reactive protein was measured 

by particle-enhanced immunoturbidimetric assay 

(Roche Tina-quant® C-Reactive Protein Gen.3 high-

sensitive) on the Cobas c501. Serum interleukin-6, 

interleukin-8, interleukin-1β, and tumour necrosis 

factor-α were measured by sandwich ELISA 

(Elabscience Biotechnology, Houston, TX, USA; 

catalogue numbers E-EL-H6156, E-EL-H0048, E-EL-

H0149, and E-EL-H0109, respectively), with 

absorbance read at 450 nm on a BioTek ELx800 

microplate reader (BioTek Instruments, Winooski, VT, 

USA). All samples were assayed in duplicate; intra- and 

inter-assay coefficients of variation were below 7% and 

9%.  

 

Oxidative-stress and antioxidant markers  

Total Antioxidant Capacity (TAC) and Total 

Oxidant Status (TOS) were measured by the 

colorimetric methods of Erel using the corresponding 

ready-to-use kits from Rel Assay Diagnostics (Mega Tıp 

Sanayi, Gaziantep, Türkiye) [44,45]. The Oxidative 

Stress Index (OSI) was calculated as the ratio 
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TOS/TAC, expressed as an arbitrary unit. 

Malondialdehyde was determined by the thiobarbituric-

acid-reactive substances (TBARS) method (Cayman 

Chemical TBARS Assay 10009055; Cayman Chemical, 

Ann Arbor, MI, USA). 4-Hydroxynonenal was quantified 

by competitive ELISA (OxiSelect HNE Adduct 

Competitive ELISA STA-838; Cell Biolabs, San Diego, 

CA, USA). F₂-isoprostanes (8-iso-prostaglandin F2α) 

were measured by enzyme immunoassay (Cayman 8-

Isoprostane EIA 516351). Reduced glutathione was 

measured by enzymatic recycling (Cayman GSH/GSSG 

Ratio Detection Kit 703002). Superoxide dismutase 

activity was measured by the xanthine oxidase–WST-1 

method (Cayman SOD 706002), and catalase activity 

by formaldehyde-based colorimetry (Cayman Catalase 

707002).  

 

HDL-functional enzymes  

Paraoxonase-1 paraoxonase activity (against the 

substrate paraoxon) and arylesterase activity (against 

phenyl acetate) were measured spectrophoto-

metrically using the standardised Rel Assay Diagnostics 

PON1 paraoxonase and arylesterase kits (catalogue 

numbers RL0047 and RL0048), as previously described 

[21]. Lecithin–cholesterol acyltransferase activity was 

measured by a fluorescent self-quenching substrate 

assay (Roar Biomedical LCAT Activity Assay; Roar 

Biomedical, New York, NY, USA), and cholesteryl ester 

transfer protein activity by the corresponding 

fluorescent assay (Roar Biomedical CETP Activity 

Assay).  

 

Adipokines, insulin axis, and one-carbon 

biomarkers  

Serum leptin, adiponectin, resistin, and total 

ghrelin were measured by commercial sandwich  

ELISAs (BioVendor Research and Diagnostic 

Products, Brno, Czech Republic; catalogue numbers 

RD194002100, RD195023100, RD191016100, and 

RD194062400R). Fasting insulin was measured by 

ELISA (Mercodia Iso-Insulin 10-1113-01). HOMA-IR 

was calculated as [fasting insulin (μU/mL) × fasting 

glucose (mg/dL)]/405; QUICKI was calculated as 

1/[log(insulin) + log(glucose)]. Total plasma 

homocysteine was measured by chemiluminescence 

microparticle immunoassay on an Abbott Architect 

i2000SR platform; serum vitamin B12 and folate were 

measured by electrochemiluminescence on a Cobas 

e411 analyser.  

 

Untargeted serum lipidomics  

Serum lipids were extracted from 50-µL aliquots 

using a modified Folch method (chloroform:methanol 

2:1 v/v) [46], with addition of deuterated SPLASH® 

LIPIDOMIX internal standards (Avanti Polar Lipids, 

Alabaster, AL, USA) prior to extraction. Untargeted 

lipidomic profiling was performed at a regional 

accredited core facility on an Agilent 6546 LC/Q-TOF 

system coupled to an Agilent 1290 Infinity II UHPLC 

(Agilent Technologies, Santa Clara, CA, USA), using a 

reversed-phase Waters Acquity BEH C18 column (2.1 × 

100 mm, 1.7 µm). Data were acquired in both positive 

and negative ion modes. Pooled quality-control 

samples were injected every 10 study samples. Lipid 

identification used the LIPID MAPS database and MS-

DIAL/LipidBlast spectral libraries; annotations were 

retained at LIPID MAPS Confidence Level 2. Peak areas 

were normalised to internal standards and to total ion 

current. The lipidomic data matrix was log₂-

transformed and Pareto-scaled prior to multivariate 

analysis [47].  

 

Atherogenic indices  

The Atherogenic Index of Plasma (AIP) was 

computed as log₁₀(TG/HDL-C), with values >0.21 

indicating elevated cardiovascular risk per Dobiásová 

and Frohlich [48]. Castelli risk indices I and II were 

calculated as TC/HDL-C and LDL-C/HDL-C, 

respectively. The Atherogenic Coefficient and TG/HDL 

ratio were derived from standard formulae. The 

Triglyceride–Glucose (TyG) index was calculated as 

ln[(TG × glucose)/2]. The ApoB/ApoA-I ratio was 

computed directly from measured apolipoproteins.  

 

Statistical analysis  

Continuous variables were assessed for normality 

by the Shapiro–Wilk test. Normally distributed variables 

are presented as mean ± SD and compared across the 

four groups by one-way ANOVA; non-normally 

distributed variables are presented as median (IQR) 

and compared by the Kruskal–Wallis test. Categorical 

variables are presented as n (%) and compared by 

Pearson χ² or Fisher exact test. Pre-specified pairwise 

contrasts were assessed by Mann–Whitney U or Tukey 

HSD with Bonferroni adjustment. Spearman rank 

correlations with Benjamini–Hochberg FDR correction 

described biomarker associations. Multivariable linear 

regression estimated independent associations of H. 

pylori group with each lipid outcome adjusted for age, 

sex, BMI, current smoking, MEDAS, log-physical-

activity, and log-hs-CRP; all variance inflation factors 

were below 3. Diagnostic performance was evaluated 

by ROC analysis with DeLong 95% confidence intervals 

[49] and Youden-optimised cut-offs [50]. A composite 

biomarker panel was developed by L1-penalised 

(LASSO) logistic regression with 10-fold cross-

validation [51]. Bootstrap mediation analyses with 
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1,000 nonparametric resamples were conducted 

following Preacher and Hayes [52]. Untargeted 

lipidomic data were analysed in MetaboAnalyst v5.0 

[47]. Analyses used R version 4.3.1 (glmnet, pROC, 

cutpointr, randomForest, mediation packages). Two-

sided P-values <0.05 were considered statistically 

significant.  

    

Results  

Participant characteristics  

Of 412 outpatient attendees screened, 142 were 

excluded for failing eligibility criteria, 40 for diagnostic 

disagreement or incomplete sampling, leaving 230 

participants who completed the protocol and were 

distributed across the four pre-specified groups (Figure 

1). Demographic, anthropometric, clinical, and lifestyle 

characteristics are summarised in Table 1. The four 

groups were broadly comparable in sex distribution, 

residence, blood pressure, heart rate, diet quality, and 

smoking pattern, with modest but statistically 

significant differences in age (37.6 ± 10.4 years in HP-

Naïve controls versus 43.1 ± 9.3 years in CagA+ 

subjects, p=0.030), education (p<0.001), BMI (27.1 ± 

4.1 vs 29.3 ± 4.5 kg/m², P=0.017), waist 

circumference (p=0.022), and physical activity (median 

2,068 vs 1,496 MET-min/week, p<0.001). The 

Gastrointestinal Symptom Rating Scale (GSRS) total 

score and symptom duration showed expected 

monotonic increases with infection status (both 

P<0.001). These observed imbalances informed 

adjustment for age, sex, BMI, smoking, MEDAS, log-

IPAQ, and log-hs-CRP in subsequent multivariable 

analyses.  

Figure 1. STROBE flow diagram of participant recruitment 

and group allocation. Of 412 outpatient attendees screened, 

142 were excluded for failing eligibility criteria (diabetes, 

lipid-lowering or antihypertensive medications, advanced 

liver/kidney/cardiovascular disease, recent antibiotic or 

proton-pump-inhibitor exposure, or pregnancy). After post-

enrolment exclusion of 40 participants for diagnostic 

disagreement (UBT and HpSA discordant), incomplete 

sampling, or withdrawal, 230 participants completed the 

protocol and contributed to all analyses, distributed across 

four pre-specified groups. UBT, ¹³C-urea breath test; HpSA, 

H. pylori stool antigen test; abx, antibiotics; PPI, proton-

pump inhibitor; HTN, hypertension; CKD, chronic kidney 

disease; CVD, cardiovascular disease. Source: Own 

authorship.  

  

Table 1. Demographic, anthropometric, clinical, and 

lifestyle characteristics of the study population by 

group (N = 230).  

 

 
Continuous variables are presented as mean ± SD (normally 

distributed) or median (Q1–Q3) (non-normal); categorical 

variables as n (%). P values from one-way ANOVA, Kruskal–

Wallis test, or Pearson χ² (or Fisher exact). Group definitions: 

HP-Naïve Control = UBT, HpSA, and anti-H. pylori IgG all 

negative; Past-HP = anti-H. pylori IgG positive but UBT and 

HpSA negative; CagA− Active HP = UBT/HpSA positive with 

anti-CagA IgG negative; CagA+ Active HP = UBT/HpSA 

positive with anti-CagA IgG positive. Abbreviations: BMI, 

body mass index; BP, blood pressure; bpm, beats per 

minute; CVD, cardiovascular disease; GSRS, Gastrointestinal 

Symptom Rating Scale; IPAQ, International Physical Activity 

Questionnaire; MEDAS, Mediterranean Diet Adherence 

Screener; MET, metabolic equivalent task. Source: Own 

authorship.  
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H. pylori diagnostic markers and routine 

biochemistry  

As expected by design, the four groups exhibited 

highly significant separation across all H. pylori 

diagnostic markers (all p<0.001; Table 2). UBT delta-

over-baseline rose from a median of 0.74‰ in HP-

Naïve controls to 13.17‰ in CagA+ subjects, and the 

stool antigen optical-density ratio increased 

approximately 8-fold across active-infection groups. 

Anti-H. pylori IgG was sharply elevated in all H. pylori-

exposed subjects, while anti-CagA and anti-VacA IgG 

showed the largest fold-changes specifically in the 

CagA+ group (anti-CagA IgG median 36.0 vs 3.0 U/mL 

in controls, p<0.001), confirming serological 

differentiation of CagA-positive strains. Routine 

haematology, glycaemic indices, hepatic and renal 

function, and thyroid-function indices were comparable 

across groups, consistent with the eligibility criteria; 

however, the erythrocyte sedimentation rate (ESR) 

increased monotonically across the infection gradient 

(median 8 mm/h in controls vs 18 mm/h in CagA+ 

subjects, p<0.001), providing an independent, low-

tech corroboration of the systemic inflammatory 

burden linked to H. pylori activity.  

 

Table 2. Helicobacter pylori diagnostic markers and 

routine biochemistry by study group.  

 

 

 
Continuous variables are presented as mean ± SD (normal) 

or median (Q1–Q3) (non-normal). P values from one-way 

ANOVA or Kruskal–Wallis. All participants met the eligibility 

criteria for fasting glucose <126 mg/dL, HbA1c <6.5%, eGFR 

≥60 mL/min/1.73 m², and normal thyroid function. 

Abbreviations: ALP, alkaline phosphatase; ALT, alanine 

aminotransferase; AST, aspartate aminotransferase; eGFR, 

estimated glomerular filtration rate (CKD-EPI 2021); ESR, 

erythrocyte sedimentation rate; GGT, gamma-glutamyl 

transferase; HbA1c, glycated haemoglobin; HpSA, H. pylori 

stool antigen test; OD, optical density; T4, thyroxine; TSH, 

thyroid-stimulating hormone; UBT, ¹³C-urea breath test; 

WBC, white blood cell count. Source: Own authorship.  

 

Conventional and advanced lipid profile  

The lipid phenotype shifted progressively from 

HP-Naïve controls to CagA+ subjects (Table 3). Total 

cholesterol (175.2 ± 27.8 → 194.2 ± 28.9 mg/dL, 

p=0.007), triglycerides (median 111.5 → 153.0 

mg/dL, p=0.016), LDL-C (110.8 ± 28.0 → 125.9 ± 

28.2 mg/dL, p=0.014), VLDL-C (P=0.017), and non-

HDL-C (126.5 ± 28.5 → 150.4 ± 29.2 mg/dL, 

p<0.001) all increased across the gradient, whereas 

HDL-C declined modestly without reaching 

unadjusted significance (48.6 ± 11.0 → 43.8 ± 11.4 

mg/dL, P=0.124). Among advanced lipoproteins, 

small-dense LDL cholesterol rose by 53% from 

controls to CagA+ subjects (23.5 ± 8.8 → 35.9 ± 

12.5 mg/dL, p<0.001), and oxidised LDL increased 

by 48% (55.0 ± 17.9 → 81.6 ± 15.3 U/L, P<0.001). 

Lipoprotein(a) did not differ across groups 

(p=0.733). Apolipoprotein analyses revealed 

reciprocal shifts: ApoA-I declined progressively 

(156.0 ± 23.4 → 126.8 ± 24.4 mg/dL, p<0.001), 

while ApoB rose (84.4 ± 18.7 → 105.3 ± 23.5 

mg/dL, p<0.001), producing a 56% rise in the 

ApoB/ApoA-I ratio (0.55 ± 0.15 → 0.86 ± 0.27, 

p<0.001). All atherogenic indices—Atherogenic 

Index of Plasma, Castelli I and II, Atherogenic 

Coefficient, TG/HDL, and the Triglyceride–Glucose 

index—showed significant monotonic increases 

across the H. pylori gradient (all p≤0.032). These 

data describe a coherent shift toward a more 

atherogenic, ApoB-rich, sdLDL- and oxLDL-enriched 

phenotype.  

 

Table 3. Conventional and advanced lipid profile, 

apolipoproteins, and atherogenic indices by study 

group.  
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Values are mean ± SD (normal) or median (Q1–Q3) (non-

normal). P values from one-way ANOVA or Kruskal–Wallis. 

LDL-C was directly measured by homogeneous assay; 

Friedewald-calculated values agreed within ±5% in 96% of 

subjects. AIP was computed as log₁₀(TG/HDL-C); values 

>0.21 indicate elevated cardiovascular risk per Dobiásová 

and Frohlich. Abbreviations: AIP, Atherogenic Index of 

Plasma; ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein B; 

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-

density lipoprotein cholesterol; Lp(a), lipoprotein(a); sdLDL-

C, small dense LDL cholesterol; TC, total cholesterol; TG, 

triglycerides; TyG, triglyceride–glucose index; VLDL-C, very-

low-density lipoprotein cholesterol; oxLDL, oxidised LDL. 

Source: Own authorship.  

  

Inflammatory, oxidative-stress, HDL-functional, 

adipokine, insulin, and one-carbon biomarkers  

Inflammatory cytokines showed strong, 

monotonic, and highly significant increases from 

controls to CagA+ subjects: hs-CRP rose by 

approximately 3.2-fold (median 1.14 → 3.62 mg/L, 

p<0.001), IL-6 by 3.1-fold, IL-8 by 2.6-fold, IL-1β by 

2.5-fold, and TNF-α by 2.8-fold (all p<0.001; Table 4). 

Markers of lipid peroxidation and oxidative stress 

mirrored this pattern: malondialdehyde increased 

almost two-fold (2.17 ± 0.79 → 4.05 ± 0.86 nmol/mL, 

p<0.001), F₂-isoprostanes by 82%, 4-hydroxynonenal 

by 87%, and Total Oxidant Status by 80%, with 

reciprocal depletion of Total Antioxidant Capacity 

(1.561 → 0.996 mmol Trolox eq/L), reduced 

glutathione (643 → 418 µmol/L), and catalase activity 

(60.9 → 47.2 U/mg protein) (all p<0.001). The 

Oxidative Stress Index increased nearly three-fold from 

controls to CagA+ subjects (6.40 ± 3.05 → 18.87 ± 

7.53, p<0.001). Superoxide dismutase activity rose 

progressively, consistent with a compensatory adaptive 

response to sustained oxidative load. HDL-functional 

enzyme activities followed the reverse gradient: 

paraoxonase-1 paraoxonase fell by 43% (224.1 → 

128.8 U/L), arylesterase by 28%, and LCAT by 29%, 

while CETP activity rose by 28% (all P<0.001). 

Adiponectin declined by 30% across the gradient and 

resistin rose by 72% (p<0.001), while leptin was 

unchanged and ghrelin was suppressed (846 → 616 

pg/mL, p<0.001). The insulin axis showed clear 

divergence: fasting insulin and HOMA-IR were elevated 

in active infection (p<0.001). Within the one-carbon 

panel, plasma homocysteine rose by 57% (8.69 → 

13.67 µmol/L, p<0.001), with reciprocal declines in 

vitamin B12 and folate (both P≤0.003). Figure 2 

displays the distributions of HDL-C, LDL-C, ApoB/ApoA-

I, AIP, oxLDL, PON1, MDA, and hs-CRP across the four 

groups, confirming the steep separation of CagA+ 

subjects from HP-naïve controls.  

 

Table 4. Inflammatory cytokines, oxidative-stress 

markers, HDL-functional enzymes, adipokines, insulin 

axis, and one-carbon metabolism biomarkers by study 

group.  
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Values are mean ± SD (normal) or median (Q1–Q3) 

(skewed). P values from one-way ANOVA or Kruskal–Wallis 

as appropriate. Abbreviations: CETP, cholesteryl ester 

transfer protein; F2-isoprostanes, 8-iso-prostaglandin F2α; 

GSH, reduced glutathione; HOMA-IR, Homeostasis Model 

Assessment of Insulin Resistance; hs-CRP, high-sensitivity C-

reactive protein; IL, interleukin; LCAT, lecithin-cholesterol 

acyltransferase; MDA, malondialdehyde; OSI, Oxidative 

Stress Index; PON1, paraoxonase-1; QUICKI, Quantitative 

Insulin-Sensitivity Check Index; SOD, superoxide dismutase; 

TAC, Total Antioxidant Capacity; TNF-α, tumour necrosis 

factor-α; TOS, Total Oxidant Status. Source: Own authorship.  

 

  
Figure 2. Conventional lipid, atherogenic, oxidative, HDL-

functional, and inflammatory biomarkers across the four 

study groups. (A) HDL cholesterol; (B) directly measured LDL 

cholesterol; (C) ApoB/ApoA-I ratio; (D) Atherogenic Index of 

Plasma (AIP, log₁₀(TG/HDL-C)); (E) oxidised LDL; (F) HDL-

associated paraoxonase-1 activity; (G) malondialdehyde; (H) 

high-sensitivity C-reactive protein (log scale). Boxes display 

median with Q1–Q3, whiskers extend to 1.5 × IQR; individual 

data points overlaid. P values within each panel are from the 

omnibus Kruskal–Wallis test across all four groups. Brackets 

indicate Mann–Whitney U pairwise tests for the three pre-

specified contrasts: Control vs CagA+, Control vs CagA−, and 

Past-HP vs CagA+. Significance: *P<0.05, **P<0.01, 

***P<0.001, ns = not significant. A monotonic gradient is 

observed across Control → Past-HP → CagA− → CagA+ for 

atherogenic, oxidative, and inflammatory markers, and a 

reverse gradient for HDL-C and PON1, consistent with 

progressive HDL dysfunction in H. pylori-infected individuals 

and amplified disturbance with CagA-positive virulent strains. 

Source: Own authorship.  

  

Multivariable regression of key lipid outcomes  

After adjustment for age, sex, BMI, current 

smoking, MEDAS score, log-physical-activity, and log-

hs-CRP, CagA+ active infection remained 

independently associated with each pre-specified 

atherogenic lipid outcome (Table 5): lower HDL-C (β = 

−5.74 mg/dL; 95% CI −10.64, −0.85; standardised β 

= −0.49; P=0.022), higher LDL-C (β = +19.14 mg/dL; 

95% CI 6.09, 32.18; P=0.004), higher AIP (β = 

+0.117; 95% CI 0.01, 0.22; P=0.029), higher 

ApoB/ApoA-I ratio (β = +0.304; 95% CI 0.22, 0.39; 

P<0.001), higher oxidised LDL (β = +26.09 U/L; 95% 

CI 17.83, 34.35; p<0.001), and lower PON1 

paraoxonase activity (β = −92.12 U/L; 95% CI 

−123.34, −60.89; p<0.001). The CagA-negative active 

group was also independently associated with elevated 

AIP, ApoB/ApoA-I ratio, oxidised LDL, and reduced 

PON1, but typically with smaller standardised 

coefficients than CagA+ subjects, consistent with a 

graded virulence-related effect. Past-HP exposure 

showed point estimates in the same direction but did 

not reach statistical significance for any outcome after 

full adjustment. All variance inflation factors were 

below 3, residuals satisfied Shapiro–Wilk testing, and 

homoscedasticity was acceptable on Breusch–Pagan 

testing for each model.  
 

Table 5. Multivariable linear regression of key lipid 

metabolism outcomes adjusted for age, sex, BMI, 

smoking, diet, physical activity, and inflammation.  
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All models adjusted for age, sex, BMI, current smoking, 

MEDAS score, log-physical-activity (IPAQ MET-min/week), 

and log-hs-CRP. Reference group for the H. pylori variable is 

the HP-Naïve Control group. Standardised β coefficients 

computed from Z-score-transformed predictors and 

outcomes. All variance inflation factors were below 3 (no 

multicollinearity). Model assumptions checked by residual 

normality (Shapiro–Wilk on residuals) and homoscedasticity 

(Breusch–Pagan). Abbreviations: AIP, Atherogenic Index of 

Plasma; ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein B; 

BMI, body mass index; CI, confidence interval; HDL-C, high-

density lipoprotein cholesterol; hs-CRP, high-sensitivity C-

reactive protein; IPAQ, International Physical Activity 

Questionnaire; LDL-C, low-density lipoprotein cholesterol; 

MEDAS, Mediterranean Diet Adherence Screener; oxLDL, 

oxidised LDL; PON1, paraoxonase-1. Source: Own 

authorship.  

  

Correlation structure  

The Spearman correlation matrix (Figure 3) 

revealed coordinated positive associations between H. 

pylori activity markers (UBT delta-over-baseline, log 

anti-CagA IgG) and atherogenic, inflammatory, and 

oxidative biomarkers, with reciprocal negative 

associations against ApoA-I, HDL-C, PON1, S1P, and 

adiponectin. After Benjamini–Hochberg FDR correction, 

several moderate-to-strong correlations were retained 

at FDR<0.001, including UBT–MDA, anti-CagA IgG–

oxLDL, IL-6–AIP, OSI–ApoB/ApoA-I, and 

Cer(d18:1/16:0)–LPC 16:0 axes. These coordinated 

associations are consistent with an integrated H. pylori 

→ inflammation/oxidation → atherogenic-lipid axis 

rather than a series of independent univariable 

findings.  

 

Figure 3. Spearman correlation matrix among H. pylori 

virulence indicators (UBT delta-overbaseline, log anti-CagA 

IgG), systemic inflammatory markers (log hs-CRP, log IL-6, 

log TNF-α), oxidative-stress and antioxidant markers (MDA, 

TAC, OSI), insulin-resistance indicators (log HOMA-IR, log 

insulin), conventional and advanced lipoproteins, 

apolipoproteins, atherogenic indices, HDL-functional enzyme 

PON1, adipokines, one-carbon metabolism markers, and 

selected lipid species (Ceramide d18:1/16:0, LPC 16:0, 

sphingosine-1-phosphate). Color intensity encodes the 

magnitude and direction of the Spearman ρ coefficient. Cells 

display the ρ value with significance level after Benjamini–

Hochberg false-discovery-rate correction (*FDR<0.05, 

**FDR<0.01, ***FDR<0.001). Markers of H. pylori activity 

show coordinated positive associations with inflammatory, 

oxidative, and atherogenic lipid markers, and inverse 

associations with HDL-C, PON1, S1P, and ApoA-I — 

supporting an integrated H. pylori → inflammation/oxidation 

→ atherogenic lipid axis. Source: Own authorship.  

  

Diagnostic performance and composite 

biomarker panel  

ROC analyses for discriminating CagA+ active H. 

pylori infection from HP-naïve controls are summarised 

in Table 6 and visualised in Figure 4. Among single 

biomarkers, MDA exhibited the highest discrimination 

(AUC 0.955; 95% CI 0.917, 0.994), followed by 

Cer(d18:1/16:0) (AUC 0.902), oxidised LDL (AUC 
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0.863), PON1 (AUC 0.845), ApoB/ApoA-I ratio (AUC 

0.844), and hs-CRP (AUC 0.842). The LASSO multi-

marker composite achieved an apparent in-sample AUC 

of 1.000 with 100% sensitivity, specificity, and 

predictive values at the Youden-optimised cut-off. It is 

cautioned that these performance statistics derive from 

the same cohort that informed model construction; in 

external prospective validation the AUC is expected to 

be approximately 5–10% lower owing to optimism 

correction, and the panel should be treated as 

exploratory rather than confirmatory until validated in 

independent cohorts.  

 

Table 6. Diagnostic performance of single biomarkers 

and the LASSO composite panel for discriminating 

CagA+ active Helicobacter pylori infection from healthy 

controls.  

 

 
Comparison: CagA+ Active H. pylori (n = 60) vs HP-Naïve 

Control (n = 60). AUC: area under the receiver-operating-

characteristic curve. 95% confidence intervals computed by 

the DeLong method. Optimal cutoffs determined by 

maximizing Youden's J index. *P value tests the null 

hypothesis AUC = 0.5 (DeLong test). For HDL-C, PON1, and 

S1P, the test direction is reversed (lower values indicate H. 

pylori positivity); cutoffs reported on the original scale. The 

LASSO composite panel was constructed by L1-penalised 

logistic regression with 10-fold cross-validation. Note: AUCs 

derived from the present cohort are reported; in external 

prospective validation cohorts, AUC values are expected to be 

approximately 5–10% lower owing to over-fitting correction. 

The composite panel should be regarded as exploratory until 

externally validated. Abbreviations: AIP, Atherogenic Index 

of Plasma; ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein 

B; Cer, ceramide; CI, confidence interval; HDL-C, high-

density lipoprotein cholesterol; HOMA-IR, Homeostasis Model 

Assessment of Insulin Resistance; hs-CRP, high-sensitivity C-

reactive protein; LASSO, least absolute shrinkage and 

selection operator; LDL-C, low-density lipoprotein cholesterol; 

LPC, lyso-phosphatidylcholine; MDA, malondialdehyde; NPV, 

negative predictive value; oxLDL, oxidised LDL; PON1, 

paraoxonase-1; PPV, positive predictive value; S1P, 

sphingosine-1-phosphate. Source: Own authorship.  

  

 
Figure 4. Receiver-operating-characteristic curves for 

discriminating CagA+ active H. pylori infection from healthy 

controls. (A) Conventional and clinical biomarkers: 

Atherogenic Index of Plasma (AIP), ApoB/ApoA-I ratio, 

oxidised LDL, malondialdehyde (MDA), HDL cholesterol 

(inverse direction), and PON1 paraoxonase activity (inverse 

direction). (B) Lipidomic biomarkers (Ceramide d18:1/16:0, 

LPC 16:0, sphingosine-1-phosphate (inverse direction)) 

compared with the LASSO composite multi-marker panel 

(black). Diagonal grey dashed line indicates the line of 

nodiscrimination (AUC = 0.50). 95% confidence intervals 

around AUC values were computed by the DeLong method 

(presented in Table 6). The composite panel substantially 

outperforms any single conventional or lipidomic biomarker, 

supporting an integrated diagnostic-stratification approach; 

however, this in-sample performance should be interpreted 

cautiously and requires external prospective validation before 

clinical translation. Source: Own authorship.  

  

Untargeted serum lipidomic analysis  

Untargeted lipidomic analysis is presented in 

Figure 5. Unsupervised principal component analysis of 

14 quantified lipid species explained approximately 

38.7% of total variance in the first two components 

and revealed a progressive shift along PC1 from 

controls to CagA+ subjects, with overlapping but 

incrementally separated 95% confidence ellipses 

(Figure 5A). Supervised PL-SDA further accentuated 

group separation across the first two latent 

components (Figure 5B). Variable-importance-in-

projection scores (Figure 5C) identified ceramides 

Cer(d18:1/16:0), Cer(d18:1/18:0), Cer(d18:1/24:1), 

lyso-phosphatidylcholines LPC 16:0 and LPC 18:0, and 

DAG 36:2 as the most discriminating species (VIP>1), 

with depleted polyunsaturated phosphatidylcholines 

(PC 36:4) and reduced sphingosine-1-phosphate (S1P) 

characterising CagA+ subjects relative to controls. The 

volcano plot (Figure 5D) confirmed these patterns with 

FDR-adjusted significance and |log₂FC|>0.20. A 

Random Forest classifier achieved an out-of-bag 

classification accuracy of 97.3% (Figure 5E). Together, 

these findings define a coherent CagA-associated 

lipidomic signature dominated by elevated saturated 

ceramides and lyso-phosphatidylcholines, with relative 
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depletion of polyunsaturated PCs and S1P—a profile 

that recapitulates lipidomic features previously linked 

to atherosclerotic events in independent cohorts [28-

32].  

 

  
Figure 5. Untargeted serum lipidomic analysis of the four 

study groups. (A) Principal component analysis (PCA) on 

log₂-transformed, Pareto-scaled lipid species (n = 14): the 

first two principal components explain ~38.7% of total 

variance and reveal a progressive shift along PC1 from 

Control → Past-HP → CagA− → CagA+. Ellipses represent 

95% confidence regions. (B) Partial least-squares 

discriminant analysis (PLS-DA) score plot showing supervised 

separation of the four groups across the first two latent 

components. (C) Variable importance in projection (VIP) 

scores from the CagA+ vs Control PLS-DA model; bars in red 

indicate VIP > 1. Ceramides, lyso-phosphatidylcholines, DAG 

36:2, and PC 36:4 are the most discriminating species. (D) 

Volcano plot of the CagA+ vs Control comparison: log₂ fold-

change against −log₁₀ Benjamini–Hochbergadjusted P value. 

Lipid species exceeding both |log₂FC| > 0.20 and FDR < 0.05 

are highlighted (red = up-regulated in CagA+; blue = down-

regulated). (E) Random Forest feature-importance ranking 

(mean decrease in impurity) for classifying CagA+ vs Control 

on the lipidomic panel; out-of-bag classification accuracy = 

97.3%. Together, these analyses identify a coherent 

lipidomic signature dominated by elevated saturated 

ceramides and lyso-phosphatidyl-cholines, with relative 

depletion of polyunsaturated phosphatidylcholines and 

sphingosine-1-phosphate. Source: Own authorship.  

  

Bootstrap mediation analyses  

Bootstrap mediation analyses with 1,000 

nonparametric resamples (Figure 6) supported partial 

mediation of the H. pylori–lipid associations through 

inflammatory, oxidative, and insulin-resistance 

pathways, after adjustment for age, sex, and BMI. 

Specifically, IL-6 partially mediated the H. pylori → AIP 

relationship (Figure 6A), hs-CRP mediated H. pylori → 

ApoB/ApoA-I (Figure 6B), the Oxidative Stress Index 

(OSI) mediated H. pylori → oxidised LDL (Figure 6C), 

and HOMA-IR mediated H. pylori → AIP (Figure 6D). In 

all four models, the bootstrap 95% percentile 

confidence intervals for the indirect effects excluded 

zero. OSI emerged as the strongest single mediator, 

accounting for approximately 30% of the total effect of 

H. pylori on oxidised LDL, while inflammatory 

mediators (IL-6, hs-CRP) accounted for approximately 

18–22% of the total effect on the corresponding 

atherogenic indices. Direct (c′) effects remained 

statistically significant in three of four models, 

indicating that mediation was partial rather than 

complete and that residual H. pylori effects on lipid 

outcomes likely operate through additional mechanisms 

not captured by the chosen mediators (e.g., gut 

microbiota-mediated bile-acid signalling, hepatic ApoA-

I transcription, sphingolipid de novo biosynthesis).  

Figure 6. Bootstrap mediation analyses linking H. pylori 

infection to atherogenic lipid phenotypes through 

inflammatory, oxidative, and insulin-resistance pathways. (A) 

IL-6 mediating the H. pylori → AIP relationship; (B) hs-CRP 

mediating the H. pylori → ApoB/ApoA-I relationship; (C) 

Oxidative Stress Index (OSI) mediating the H. pylori → 

oxidised LDL relationship; (D) HOMA-IR mediating the H. 

pylori → AIP relationship. All models adjusted for age, sex, 

and BMI. Path coefficients: a = effect of H. pylori on the 

mediator; b = effect of mediator on outcome adjusted for H. 

pylori; c′ = direct effect of H. pylori on the outcome adjusted 

for the mediator. The indirect effect (a × b) was estimated 

via 1,000 nonparametric bootstrap resamples; 95% 

percentile confidence intervals are reported below each path 

diagram, together with the proportion of total effect 

mediated. *Indicates that the bootstrap 95% CI for the 

indirect effect excludes zero. Oxidative stress (OSI) emerges 

as the strongest mediator, accounting for approximately 30% 

of the total H. pylori effect on oxidised LDL. Source: Own 

authorship.  

  

Discussion  

Principal findings  

In this STROBE-compliant case–control study of 

230 Iraqi adults, a coherent and biologically plausible 

gradient is described of atherogenic dyslipidaemia, 

systemic inflammation, oxidative stress, and HDL 

functional impairment across four prospectively defined 

stages of H. pylori exposure—HP-naïve, past, active 

CagA-negative, and active CagA-positive—with the 
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steepest derangements observed in CagA-positive 

subjects. After adjustment for age, sex, BMI, smoking, 

diet, physical activity, and circulating hs-CRP, CagA+ 

active infection remained independently associated 

with reduced HDL-C and PON1 activity and with 

elevated LDL-C, oxidised LDL, AIP, and the 

ApoB/ApoA-I ratio. The accompanying lipidomic 

signature—elevated Cer(d18:1/16:0), Cer(d18:1/18:0), 

Cer(d18:1/24:1), and lyso-phosphatidylcholines LPC 

16:0 and LPC 18:0, with reciprocally depleted 

polyunsaturated PCs and sphingosine-1-phosphate—

mirrors the proatherogenic lipidomic phenotype 

previously linked to incident cardiovascular events in 

independent prospective cohorts. Mediation analyses 

identified the Oxidative Stress Index, IL-6, hs-CRP, and 

HOMA-IR as significant partial mediators of the H. 

pylori–lipid relationship.  

 

Comparison with Iraqi studies  

Several recent Iraqi studies have addressed 

components of the H. pylori–metabolic axis, but none 

have integrated the full set of biomarkers examined 

here. Mohammed and colleagues described modest 

alterations in lipid profile and vitamin D status among 

100 obese Iraqi women with H. pylori infection, 

reporting trends toward higher triglycerides and lower 

HDL-C in infected women [33]. The present larger 

four-group design extends those findings by 

demonstrating that the lipid alterations in adults of 

both sexes follow a monotonic gradient with infection 

stage, and— critically—are amplified in those 

harbouring CagA-positive strains. Al-Baldawy and 

colleagues reported elevated IL-6 and TNF-α in Iraqi H. 

pylori-positive adults relative to seronegative controls 

[16], a finding concordant with the inflammatory 

gradient we observed (median IL-6 1.48 → 4.61 pg/mL 

across our four groups, p<0.001) but considerably 

more granular in our CagA-stratified analysis. Shamil-

Cherri and colleagues additionally documented 

elevated IL-17F in Iraqi H. pylori patients [15], 

pointing to a broader Th17 axis that is consistent with 

the chronic-inflammatory phenotype identified in our 

cohort. Mohammed and Ghadhban demonstrated that 

CagA-positive strains in Iraqi gastric biopsies are 

associated with more severe histopathological 

inflammation [34], and Smael and colleagues recently 

characterised a CagA-positive prevalence of 

approximately 60% among Iraqi clinical isolates [13]. 

The 60-of-120 (50.0%) CagA-positive proportion 

among our active-infection participants is therefore 

consistent with the regional epidemiology and supports 

the relevance of CagA-stratified analyses in Iraqi 

clinical research.  

Saeed et al. reported a 38% UBT-confirmed 

prevalence among symptomatic Kurdish-Iraqi adults 

[3], and Naqid and colleagues described comparable 

stool-antigen-confirmed prevalence in Duhok [4]; 

these regional prevalence data underscore the public-

health relevance of any independent association 

between H. pylori virulence and atherogenic lipid 

metabolism in this population.  

 

Comparison with international studies  

Internationally, our findings align with and extend 

two recent meta-analyses. Gaonkar and colleagues 

pooled 17 studies (>150,000 participants) and 

estimated mean differences in LDL-C (+5.32 mg/dL), 

total cholesterol (+6.28 mg/dL), and HDL-C (−2.06 

mg/dL) for H. pylori-infected versus uninfected subjects 

[6]. The point estimates observed in CagA+ subjects 

exceed those pooled estimates by approximately 3–4 

fold, consistent with the hypothesis that CagA-positive 

virulence amplifies the metabolic insult. Sun and 

colleagues meta-analysed 41 cohorts (≈230,000 

subjects) and reported a 10% increase in cardiovascular 

risk for H. pylori exposure overall, but a 58% increase 

specifically among CagA-seropositive individuals [7]; the 

present biomarker data— steeper increases in oxLDL, 

AIP, ApoB/ApoA-I, and lipidomic atherogenic species in 

CagA+ subjects—provide a mechanistic complement to 

that epidemiological signal. The Chinese propensity-

matched cohort by Wang and colleagues [53] further 

demonstrated that H. pylori eradication partially reverses 

lipid deterioration, supporting the biological plausibility 

of an aetiological rather than purely correlational 

association. The Saudi case–control by Izhari and 

colleagues [36] reported a comparable Middle-Eastern 

lipid pattern, and a Korean cohort of 37,263 adults 

documented a similar HDL-C–LDL-C reciprocal pattern in 

H. pylori-seropositive subjects [54].  

The present HDL-functional findings—a 43% 

reduction in PON1 paraoxonase activity in CagA+ 

subjects—are consistent with the precedent set by 

Aslan and colleagues, who reported reduced PON1 

activity and increased carotid intima–media thickness 

in H. pylori-positive subjects, and showed that 

eradication therapy partially restored antioxidant status 

[21,55]. PON1 is the principal enzymatic determinant 

of HDL antioxidant capacity, hydrolysing oxidised 

phospholipids on LDL and limiting oxidised-LDL 

accumulation [56]. The accompanying decline in LCAT 

activity (29%) and elevation in CETP activity (28%) 

indicates a coordinated shift toward dysfunctional, 

smaller, more pro-inflammatory HDL particles. The 

lipidomic signature described—saturated ceramides 

Cer(d18:1/16:0), Cer(d18:1/18:0), and Cer(d18:1/24:1) 

elevated, with depleted S1P—closely mirrors the 

prognostic Mayo Clinic ceramide score [28] and the 
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Hilvo CERT2 score [29], both of which independently 

predict major adverse cardiovascular events beyond 

LDL-C. To the author's knowledge, the present study is 

among the first to implicate H. pylori infection, and 

CagA-positive infection in particular, in this 

proatherogenic ceramide phenotype.  

 

Mechanistic interpretation  

Several intersecting mechanisms can plausibly 

account for the observed phenotypic gradient. First, 

sustained NF-κB-driven low-grade systemic 

inflammation downstream of CagA translocation 

[10,11] elevates IL-6 and TNF-α, suppresses hepatic 

ApoA-I transcription, and induces hepatic secretion of 

triglyceride-rich very-low-density lipoproteins, while at 

the same time fuelling acute-phase elevations in CRP 

and serum amyloid A [15-17]. The present finding 

that hs-CRP and IL-6 partially mediated the H. pylori 

effects on AIP and ApoB/ApoA-I (Figure 6A,B) is 

congruent with this inflammatory mechanism. Second, 

sustained CagA-driven generation of reactive oxygen 

species, both through epithelial NADPH oxidase 

activation and through neutrophil/macrophage 

recruitment, produces lipid peroxidation and direct 

oxidative modification of LDL particles, which the 

Oxidative Stress Index and oxidised LDL faithfully 

capture [18-22]. Reciprocal depletion of GSH and 

PON1 activity was additionally observed, indicating 

exhaustion of HDL- and erythrocyte-associated 

antioxidant defences, and the OSI emerged as the 

strongest single mediator of the H. pylori → oxLDL 

pathway in the present analyses. Third, the reduced 

adiponectin and elevated resistin observed in this study 

are consistent with prior evidence that H. pylori 

infection alters adipocyte signalling, and combined with 

the suppression of fasting ghrelin (gastric mucosal 

injury reduces ghrelin-secreting cell density), promotes 

insulin resistance—an effect captured by the elevated 

HOMA-IR and TyG index in active infection 

[9,26,27,57].   

Fourth, the elevated homocysteine and reduced 

vitamin B12 and folate observed across infection 

stages in this study reflect the well-described 

impairment of cobalamin absorption with atrophic 

changes in the gastric mucosa, which itself is a 

recognised cardiovascular risk factor [23-25]. Finally, 

the rising saturated ceramide and LPC species and the 

depleted S1P observed in lipidomic profiling are 

consistent with chronic-inflammation-driven activation 

of acid sphingomyelinase and de novo serine 

palmitoyltransferase, with reduced sphingosine-kinase 

1 activity—an integrated sphingolipid disturbance that 

has been mechanistically linked to endothelial 

dysfunction, vascular calcification, and insulin 

resistance in animal and human studies [30-

32,58,59].  

 

Clinical implications  

These findings have several practical implications 

for Iraqi and regional primary-care settings. First, the 

steep enrichment of atherogenic and oxidative 

biomarkers in CagA-positive subjects suggests that risk 

stratification based on CagA serology, where available, 

may identify a subset of H. pylori-infected adults at 

higher residual cardiometabolic risk who could benefit 

from earlier and more aggressive cardiovascular 

preventive strategies—including lifestyle modification, 

lipid screening, and consideration of eradication 

therapy—even in the absence of overt dyspeptic 

disease. Second, the strong diagnostic discrimination 

achieved by simple, widely available biomarkers (MDA, 

oxidised LDL, hs-CRP, ApoB/ApoA-I) in our cohort 

indicates that integrative biomarker-based phenotyping 

is feasible in Iraqi tertiary laboratories and could be 

deployed to enrich clinical decision-making. Third, the 

partial mediation of H. pylori effects through 

inflammation, oxidative stress, and insulin resistance 

implies that H. pylori eradication, while important for 

gastric outcomes, may need to be complemented by 

lifestyle and/or pharmacological interventions targeting 

these mediators in order to fully reverse the 

atherogenic phenotype. It is explicitly noted that the 

cross-sectional design does not establish causality and 

that randomised eradication trials with cardiometabolic 

endpoints are needed to confirm clinical utility.  

 

Strengths  

This study has several strengths. The four-group 

design—including a carefully phenotyped past-HP 

group—enables resolution of an exposure–duration 

gradient that is rarely characterised in the regional 

literature. Confirmation of active infection by 

simultaneous UBT and HpSA positivity minimises 

misclassification, and serological stratification by anti-

CagA and anti-VacA IgG distinguishes virulence 

subgroups in a manner directly comparable to the 

international cardiovascular literature. The integrated 

biomarker panel—covering conventional and advanced 

lipoproteins, apolipoproteins, atherogenic indices, 

inflammatory cytokines, oxidative-stress and 

antioxidant markers, HDL-functional enzymes, 

adipokines, insulin axis, one-carbon metabolism, and 

untargeted lipidomics—is, to our knowledge, among 

the most comprehensive yet reported in an Iraqi or 

wider MENA case–control study of H. pylori. Statistical 

analyses included pre-specified multivariable 

adjustment, false-discovery-rate correction for multiple 

testing, ROC-based diagnostic performance with 
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DeLong confidence intervals, and bootstrap mediation 

analyses.  

 

Future directions  

Future research should pursue several priority 

lines. First, prospective longitudinal evaluation of 

biomarker trajectories before and after H. pylori 

eradication—particularly in CagA-positive subjects—will 

permit causal inference and clarify whether eradication 

can attenuate the atherogenic lipidomic and HDL-

functional signature documented here. Second, 

external validation of the LASSO composite biomarker 

panel in independent Iraqi and regional cohorts is 

essential before any clinical translation, with particular 

attention to calibration, optimism correction, and net-

reclassification benefit beyond conventional 

cardiovascular risk scores. Third, integration of gastric 

histopathology, H. pylori molecular typing (cag-PAI 

integrity, vacA s/m alleles, cagA EPIYA-motif type), and 

16S/shotgun gut-microbiota profiling would allow finer 

resolution of host–pathogen interactions and 

identification of microbiota-mediated lipid-metabolism 

pathways. Fourth, mechanistic studies—particularly 

addressing CagA-induced sphingolipid biosynthesis, 

PON1 transcriptional regulation, and exosome-

mediated endothelial dysfunction—will help to translate 

the observational signals identified here into 

therapeutic hypotheses. Finally, cost-effectiveness 

analyses of CagA-stratified cardiovascular screening in 

regions with high H. pylori prevalence-including Iraq 

and the wider MENA region—will be needed to support 

implementation in routine clinical practice.  

 

Limitations  

Several limitations warrant explicit 

acknowledgement. First, the cross-sectional design 

precludes causal inference; reverse causation cannot 

be fully excluded, and longitudinal eradication studies 

are needed to demonstrate reversibility. Second, 

single-centre recruitment from one governorate may 

limit generalisability across the heterogeneous Iraqi 

population. Third, while many lifestyles and metabolic 

confounders were screened for and excluded, residual 

confounding by unmeasured dietary, socioeconomic, 

environmental-exposure, or genetic factors cannot be 

excluded. Fourth, untargeted lipidomic profiling was 

performed at an outsourced regional core facility 

because comprehensive in-country lipidomic capacity is 

not yet routinely available; while QC and internal-

standard normalisation were applied, between-batch 

and storage effects represent inherent constraints of 

large multi-omic studies. Fifth, the apparent in-sample 

LASSO compositepanel AUC of 1.000 is undoubtedly 

optimistic; this finding is framed explicitly as 

exploratory, a 5–10% AUC reduction is anticipated in 

external prospective validation, and external validation 

in an independent cohort precede any clinical 

translation. Sixth, mediation analyses, although 

bootstrap-validated, depend on assumed causal 

directionality and remain sensitive to unmeasured 

confounding of the mediator–outcome path. Seventh, 

gastric histopathology, endoscopic findings, and 

antimicrobial-resistance profiling were not available for 

all participants and may further refine the stratification 

in subsequent work.  

 

Conclusion  

In this comprehensive four-group case–control 

study of 230 Iraqi adults, H. pylori infection was 

independently associated with a coherent and graded 

atherogenic phenotype encompassing conventional 

dyslipidaemia, advanced lipoprotein and apolipoprotein 

abnormalities, systemic inflammation, oxidative stress, 

HDL functional impairment, insulin resistance, 

hyperhomocysteinaemia, and a discriminative serum 

lipidomic signature dominated by saturated ceramides 

and lyso-phosphatidylcholines. The magnitude of these 

derangements was greatest in subjects harbouring 

CagA-positive virulent strains and was partially 

mediated by inflammation, oxidative stress, and insulin 

resistance. While these cross-sectional findings do not 

establish causality, they provide a biologically plausible 

and internally consistent framework supporting the 

consideration of H. pylori, and CagA-positive virulence 

in particular, in cardiometabolic risk stratification of 

Iraqi and regional populations. Prospective eradication 

trials with cardiometabolic endpoints and external 

validation of the exploratory composite biomarker 

panel are warranted before clinical translation.  
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